A sodium tolerance test was applied to nits subjected to three divei'se procedures for the production of experimental renal and hormonal hypertension. Sodium tolerance was impaired in till thi'ee types of hypertension to the extent that an accelerated excretion of the imposed sodium load occurred, although there was no change in the plasma sodium level. The disturbance WAS proportional to the height of the blood pressure but occurred even in those ti'eated rats which remained normotensive.
I N recent years there has been an increasing interest in the electrolyte abnormalities which are observed under certain circumstances both in essential hypertension and in experimental forms of hypertensive disease. Perera 1 has stated that in his view "there is convincing evidence that the disorder is associated with a disturbance of salt and water metabolism". Braun-Menendez likewise considers that such disturbances might play a fundamental role. 2 Despite this point of view the literature is remarkably limited in demonstrations that such abnormalities present features common to the many forms of experimental and human hypertensive disease.
Some evidence related to this point has come from recent studies of Green and his collaborators in man 3 and in the rat. 4 ' 6 In man, they have studied a hospital hypertensive group and concluded that a load of salt and water is more rapidly excreted the higher the blood pressure level. In the rat, while they found some resemblances between DCA and perinephritis-induced hypertension, the patterns changed with time. Indeed, in perinephritic hypertension, they noted that the altered respdi^ was "temporary and limited to the early stage of perinephritis, becoming less evident as permanent and fixed levels of hypertension develop."
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Our interest in this phase of the hypertension problem was considerably stimulated by our recent findings concerning the hitherto unsuspected depressor activities of Pitressin in the rat s> 7> s and its peculiar reactions in other species. 8 It seemed of importance to establish whether the depressor effect of Pitressin was due to its postulated sodium-losing effect. The present report indicates that an electrolyte distortion does indeed exist in widely divergent forms of experimental hypertension. Studies to be reported shortly, however, indicate that while the depressor effect of Pitressin is linked to its effects on this distortion it is not due simply to sodium loss.
The first essential for this study was to devise a simple test. If such an electrolyte upset were a basic feature of hypertensive disease, its overt disappearance with time as in the work of Green and coworkers could only be logically explained if a new homeostasis were set up. Such a new equilibrium would itself constitute a distortion, however, and might well be demonstrated, as in many other physiological instances, by the imposition of a load. Green and coworkers studied the response of the hypertensive rat to a salt load but, unfortunately, they did not study the curve of excretion but only the total excretion at the end of a five hour period. Obviously, total excretion need bear little relation to the shape of the curve and it is this emphasis on shape of curve which has proved a useful principle in setting up "tolerance" tests.
As an essential for a satisfactory test a load FRIEDMAN, HIXKE AXD HARDWICK had to be selected which could be handled by the normal rat in a reasonable time so that the curve would include the return to normal levels. It was also considered that an unreasonably large load might be an insensitive indicator if it tended to flood the organism. We considered the volume of 50 cc./Kg. (10 cc. in a 200 gram rat) as used by Green and coworkers to be unreasonably large and capable of setting up stress responses in its own right. Preliminary studies led to a standard salt load test which satisfied the above criteria. In the present study it was applied to DCA treated animals where an electrolyte abnormality is known to exist. It was applied, however, late in the course of treatment when an equilibrium is said to have been established. The test was also applied to rats subjected to renal compression where no overt electrolyte abnormality has been demonstrated and here also late in its course. Finally, the test was applied to Compound F treated rats which we have found develop hypertension without overt evidence of sodium imbalance.-12 In all instances a common abnormal pattern was elicited and the sensitivity of the test demonstrated.
METHODS
Male albino rats of an inbreel Wistar strain were used throughout. All (unless otherwise stated) were uninephrectomized at least four weeks prior to any treatment in order to reduce the renal reserve. The "load" was administered by gavage without anesthesia in a standard 3 cc. dose. The amounts of salt and water used were based on preliminary experiments to determine those quantities which, in control ruts, would give excretion curves substantially complete within four and one-liulf hours of gavage.
Following gavage the nits were placed in metabolism funnels and urine was collected hourly for five periods beginning at one-half hour and ending four and one-half hours after administration of the test load. In an attempt to determine the plasma .sodium level at a uniform time without affecting the excretion response, 0.75 cc. of blood was withdrawn by cardiac puncture within one minute of the final urine collection. Urine volume was measured at all periods except the lost. Accordingly, in the experiments which follow, urine volume covers only four periods while sodium excretion extends over all five samplings.
Blood pressure was measured by direct cannulation of a femoral artery, under light ether anesthesia, with a 22 gage needle coupled through a Sanborn electromanometer to a direct writing reeoixier. In each case blood pressure was measured two days prior to the salt loading procedure.
After suitable dilution, urine and blood samples were analyzed for sodium using a Beck man Model B flame photometer. Standard error was calculated from the formula
yn(n -
The comparison of means and derivation of regression coefficients, as required, followed Fisher's procedures and tables." RESULTS Experiment 1. The standard salt load curve.-Twenty-two rats averaging 250 grams in weight were used for this experiment. Group 1, consisting of 10 animals, received 3 cc. of distilled water by gavage. Group 2, consisting of 12 animals, received as load 100 mg. iS T aCl in 3 cc. of distilled water. Figure 1 presents the pertinent findings.
The administration of water alone did not significantly alter the excretion of sodium. A SODIUM TOLERANCE IX HYPERTENSION 299 considerable water diuresis occurred as expected and this reached its peak one and one-half hours after gavage. In consequence of these two facts it should be noted that the concentration of Na in the urine was decreased during the diuretic period.
The administration of water containing 100 nig. of NaCl was followed by a water diuresis of the same degree as had followed the administration of water alone. There was also a Na diuresis of even greater degree so that, in contrast with group 1, the urine was highly concentrated with respect to sodium.
Since the present report is mainly concerned with a comparative study of sodium handling in hypertension rather than with the specific mechanisms involved, no extensive further calculation of derived data has been made. This first experiment provides a baseline for the salt load studies to follow.
It should be noted that the first collection period represents only 30 minutes and hence is not strictly comparable to the 60 minute periods which follow. Experiment 2. Sodium chloride, sodium citrate and sodium succincde as load.-This experiment was carried out to determine whether the salt load excretion curve obtained in the previous study could be referred to the Na ion itself. Accordingly, the response to sodium salts with metabolizable anions was studied. The test dose of 100 mg. NaCl was matched with solutions of sodium citrate and sodium suceinate of equivalent Na content.
Thirty-two rats were divided into 4 groups of 8 animals each. The animals of group ], weighing an average of 27S grams, served as controls receiving 3 cc. of distilled water. Those of group 2, weighing an average of 289 grams, received 100 mg. NaCl, those of group 3, weighing an average of 264 grams, received 167 mg. of sodium citrate and those of group 4, weighing 268 grams average, received 229 mg. of sodium suceinate. All salts were given in 3 cc. of distilled water. Table 1 presents the pertinent data.
Again, group 1, receiving only water, showed the typical water diuresis unaccompanied by any extra Na loss. In contrast, the three groups receiving Na salts showed exere- FRIEDMAN, HIXKE AND HARDWICK tion curves for water the same as those of group 1, but a Xa diuresis greater than the water diuresis. The Xa diuresis followed a form which was almost identical for all three salts, indicating that it was probably referable in all cases to the Xa ion. Taken together, these first two experiments provide a standard basis for the excretion pattern following a standard Xa loading test. They are of further interest in indicating the manner in which salt and water may be separately handled by the kidney. Based on these findings it seemed appropriate to subject hypertensive rats to the standard load test using XaCl as loading salt. of an average weight of 240 grams. Of these, 5 had served from the start of the preparatory phase of the experiment as uninephrectomized controls. The remaining 22 had been subjected to the Grollman procedure for producing hypertension by renal compression some 2 months prior to the loading test. The operation involved tying a figiire-of-eight ligature around one kidney followed by the removal of the opposite kidney 10 days later.
Blood pressures were determined as described. The standard load of 100 mg. XaCl in 3 cc. of distilled water given by gavage was used.
The findings are presented in table 2 and, in part, in figure 2. Examination of the crude data showed obvious differences between the control and test groups. Further examination 3.0 of a scattergram for the peak Na excretion in terms of blood pressure also showed a positive correlation. Accordingly, the data were analyzed by arbitrary division into blood pressure subgroups. Subgroup 1 consisted of those animals, nine in all, with a diastolic pressure not exceeding 90 mm. Hg and, in relation to the controls, only slightly hypertensive. Subgroup 2 consisted of 8 rats with a definite, though moderate, elevation of diastolic pressure. The arbitrary limits of this group were set as not less than 91 and not more than 110 mm. Hg. Subgroup 3 consisted of the remaining 5 rats whose diastolic pressure exceeded 111 mm. Hg (actually 114-137). As shown in figure 2 the Na excretion curve is elevated in all the groups subjected to renal compression. The degree of elevation is apparently proportionate to the blood pressure level since subgroup 3, with the greatest pressure elevation, shows a curve significantly different from that of subgroup 1, while subgroup 2, with a moderate pressure elevation, presents a curve intermediate in position.
It is of interest that only by such a stressing test would the imbalance in electrolyte handling in the treated group be elicited for, in line with our previous report, 10 plasma Na was undisturbed. The elevation in the Na excretion curve is accompanied by an increased excretion of water. The data on urine volume are not, however, sufficiently accurate to warrant the calculation of actual urine Na concentration. It should be noted that not only is the peak Na excretion elevated in the hypertensive animals, but also that the total Na excretion is significantly increased in this group as a whole.
Experiment 4-The response of rats vriih DC A hypertension to the standard salt load test.-This
experiment was carried out using 32 male rats of an average weight of 260 Gm. Of these, 8 had been maintained as uninephrectomized controls and 24 had been subjected to DCA treatment. DCA was given, during the preparatory stage of the experiment, by the implantation of one 25 mg. pellet followed after 5 weeks by the injection of 10 mg. of a microcrystalline suspension once weekly for 3 injections. The standard loading test was carried out 4 weeks after the cessation of all active treatment, nevertheless, the animals were undoubtedly still absorbing small amounts of the steroid. Table 3 summarises the pertinent data. As in the previous experiment, but in much more marked degree, analysis of the scattergram of the peak Na excretion values showed a highly significant regression on blood pressure (6 = 0.6S; p < 0.01). Accordingly, the data were further analyzed by arbitrary division into diastolic blood pressure subgroups as before. The normotensive DCA treated subgroup consisted of 8 animals, the group with a moderate pressure elevation contained 6 animals and the group with a marked pressure elevation contained 10 animals.
Despite the technical limitations in measuring urine flow accurately, water excretion was obviously elevated in all DCA treated groups. The increase was stepwise with diastolic pressure in the three subgroups, but was significant even in the normotensive treated animals.
Sodium excretion, shown graphically in 150.9 ± 2.9 10 figure 3, presents the same picture as noted in the previous experiment-this time much greater in degree. The alteration in the pattern of Na excretion affected, as before, even the normotensive subgroup. Again, an indication of the insensitivity of plasma Na level as a guide to an electrolyte imbalance was provided by the fact that this value remained unaltered. It is our experience that at this stage of DCA treatment plasma Na is not always elevated. The salt loading test was carried out as previously described. Table 4 summarises the pertinent findings. Inspection of the scattergram of the peak Na excretion values plotted against the blood pressure failed to show any definite trend, although all of the values were markedly above the corresponding control data. This fact appears again when the values are arranged as in the table, into normotensive Km. 3. Na excretion pattern following guvage with 3 cc. of water containing 100 mg NaCl in rats treated with DCA. The treated rats have been arranged in subgroups according to blood pressure levels. and hypertensive subgroups of Compound F treated animals. Of the 24 animals subjected to treatment with the steroid, 13 remained essentially normotensive and 11 became hypertensive. The handling of water and Na by both these groups was the same.
As in the preceding experiments, and again to a marked degree, all Compound F treated animals showed the elevated curve of Na and water excretion. The cui've of Na excretion is shown in figure 4 . Again, despite the obvious distortion in electrolyte and water handling, plasma Na remained completely unaffected. DISCUSSION It seems clear that, in each of the conditions tested, sodium handling was disturbed. Presumably, a new equilibrium was set up in each case which tended to maintain stable levels in the plasma. The direction of the distortion was towards a more rapid and complete elimination of sodium. For the kidney to ac- complish this requires either that the tubules be presented with sodium loads beyond their reabsorptive capacity, as by marked increases in the filtration rate, or that some diminished reabsorptive capacity for sodium be present as a tubular change. We cannot distinguish between these possibilities at this point but are preparing methods to study the question. Regardless of the actual renal mechanism responsible, however, it is of great importance to decide whether the metabolic fault is prerenal, so that the kidney is involved only as a compensatory regulator, or primarily in the kidney itself. This point is crucial to the further study of the hypertension problem and is now under investigation.
The relation of the disturbed sodium balance to the blood pressure does not seem as clear cut as Green and coworkers believe. In our experiments, to be sure, there is a correlation, but it seems important not to ignore the fact that the disturbance occurred in all three test groups even in the absence of any pressure elevation. At present we lean to the view that the electrolyte disturbanoe is requisite to the hypertensive process but that other factors must be present before the blood pressure elevation occurs.
It will be of considerable interest to determine whether the blood pressure level plays a significant contributory part in the renal regulation of sodium excretion in these disturbed states. This is meant to suggest the possibility that the elevation in pressure may itself be one of the potential compensatory mechanisms by which the body preserves a homeostasis in the face of a primary fault in sodium metabolism. This idea is a tempting one since it places sodium metabolism in the fundamental position, an idea attractive to the comparative physiologist, and in keeping with the idea of the milieu inl&rieur. At present, however, this idea must be considered purely speculative. SUMMAHY A simple sodium tolerance test for the rat was prepared and standardized to test the postulate that in experimental hypertension a sodium imbalance might be masked by a new homeostasis.
This standard sodium tolerance test was applied to rats subjected to renal compression, to DCA treatment and to Compound F acetate treatment. The first procedure is known to produce renal hypertension without overt evidence of sodium imbalance. DCA and Compound F treatments were selected to represent hormonal hypertension with and without overt sodium imbalance.
A definite distortion in the sodium tolerance curve occurred following all three treatments. The change, common to all, was in the direction of an accelerated excretion of the imposed load, even though no change in plasma sodium level was observed.
The degree of distortion in sodium tolerance was proportional to the blood pressure level. It also occurred, however, in treated rats whose pressures remained normotensive. The working hypothesis is made that the sodium imbalance is requisite to the blood pressure elevation but that an equilibrium may be attained without necessarily involving the blood pressure. 
Acetylcholine as Cause of Heart Beat
In 1949, Bulbring & Burn suggested that rhythmic contractions of cardiac muscle may be due to local formation of ACh. Evidence has now been adduced that the isolated rabbit's heart perfused with eserinized Locke's solution produces a substance which all known tests indicated to be ACh. Production fails when the heart is arrested; but it is not influenced by cocaine.
The conclusions seem warranted that the ACh-like substance is formed by cardiac muscle and is associated with rhythmic beats.
After Briscoe, S., and Burn, J. H., J. Physiol. 126, 181, 1954. 
